Self-reported memory problems are often the first indicator of cognitive decline; however, they are inconsistently associated with objective memory performance and are known to be influenced by individual factors, such as personality. The current study examined the relationships between personality traits and self-reported memory problems in cognitively intact older adults, and whether these associations differ across Black and White older adults. Data were collected annually via in-person comprehensive medical and neuropsychological examinations as part of the Einstein Aging Study. Community-dwelling older adults in an urban, multi-ethnic area of New York City were interviewed. The current study included a total of 425 older adults (M age = 76.68, SD = 4.72, 62.59% female; 72.00% White). Multilevel modeling tested the associations of neuroticism, conscientiousness, extraversion, openness, and agreeableness with self-reported memory problems. Results showed that neuroticism was positively related to frequency of memory problems and perceived ten-year memory decline only when other personality traits were not accounted for. Extraversion was negatively related to frequency of memory problems and perceived ten-year decline for both White and Black participants. However, conscientiousness was negatively related to perceived ten-year decline for Black participants only. Our findings highlight the importance of examining the association of all five personality traits with self-reported memory problems, as well as examining whether these associations differ for participants from different race/ ethnicities.
Introduction
By 2060, the number of older adults in the United States will increase by over 20%, highlighting healthy aging as a public health priority [1] . However, one in four older adults experiences memory problems that can impede healthy aging [2] . Self-reported memory problems, even in the absence of clinically identifiable cognitive deficit, are associated with disruptions in daily activities, increased functional limitations, elevated injury risk over time, depressive symptoms, and a higher risk for incipient cognitive decline and dementia [3] [4] [5] [6] . Deciphering the factors that influence older adults' reports of memory problems would improve early PLOS ONE | https://doi.org/10.1371/journal.pone.0219712 July 15, 2019 1 / 12 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
report items (frequency of memory problems, perceived one-year decline in memory, and perceived ten-year decline in memory).
Methods

Participants
Data were drawn from the Einstein Aging Study (EAS), a longitudinal cohort study examining cognitive aging and dementia among community-dwelling older adults (70+ years) in an urban, multi-ethnic area of New York City. EAS data were collected annually via in-person comprehensive medical and neuropsychological examinations. Study participants completed written, informed consent upon their initial clinic visit [33] . The study protocol was approved by the Albert Einstein College of Medicine Institutional Review Board. Full study details are described elsewhere [33] . Personality measures were added in 2005 and therefore, of the 2,074 EAS participants who completed self-reports of memory, only 730 participants completed personality measures. Further, of these 730 participants, 271 (37.12%) were classified as having either amnestic mild cognitive impairment (MCI), non-amnestic MCI, or dementia, and thus excluded from the current study. Participants were asked to self-identify their primary ethnic group as Caucasian, African American, Hispanic (Black or White), Asian, or other. Individuals who identified as Hispanic (Black or White), Asian, or Other (7.21%) were also excluded as there were insufficient numbers of participants to appropriately model these groups. One additional individual was excluded as their MCI status was not available. Therefore, the current study included 425 participants (72.00% White, 62.59% female) who were at least 70 years old (M age = 76.68, SD = 4.72) and had no clinical diagnosis of MCI or dementia at any point throughout the study period. Up to 11 years of data were included for each participant (M years = 4.00, SD = 2.69). At baseline, participants had an average of 14.91 years of education (SD = 3.08). Participants were also asked to report their current income in broad categories (less than $15,000, between $15,001 and $30,000, greater than $30,000). A total of 9.87% had an annual income below $15,000 (i.e., lived below poverty level); 33.67% of the participants' annual income was between $15,001 and $30,000 (i.e., lived at poverty level to up to two times above poverty level); 56.56% of the participants had an annual income above $30,000 (i.e., lived more than two times above poverty level).
Measures
Memory self-report. Three measures of self-reported memory were administered at each annual visit. Frequency of memory problems was assessed with the item, "In the past year, how often did you have trouble remembering things?," with response options on a four-point scale: 1 = never, 2 = rarely, 3 = sometimes, 4 = frequently. Perceived one-year decline in memory was assessed with the item, "Compared with one year ago, do you have trouble remembering things more often, less often, or about the same?" Perceived ten-year decline in memory was assessed with the item, "Compared with ten years ago, do you have trouble remembering things more often, less often, or about the same?" For both items assessing perceived decline in memory, options were less often, about the same, and more often. Responses indicating problems occurred less often were infrequent (2.13%-4.50%) and were re-coded to: 0 = less often/about the same and 1 = more often.
Personality. The 50-item International Personality Item Pool (IPIP) questionnaire [34] was used to measure the FFM personality traits: neuroticism (e.g., "I often feel blue"), conscientiousness (e.g., "I pay attention to details"), extraversion (e.g., "I feel comfortable around people"), agreeableness (e.g., "I accept people as they are"), and openness (e.g., "I enjoy hearing new ideas"). Participants responded to 10 items for each personality trait, with response options on a five-point scale: 1 = very inaccurate, 2 = moderately inaccurate, 3 = neither inaccurate nor accurate, 4 = moderately accurate, 5 = very accurate). Negatively worded items were reverse scored, and a total score was created for each personality trait with higher scores indicating higher neuroticism, conscientiousness, extraversion, agreeableness, and openness.
Depressive symptoms. The 15-item Geriatric Depression Scale (GDS-15; [18] ) was used to measure depressive symptoms at each annual visit. Participants responded "yes" or "no" to a series of statements, based on how they felt over the past week. Due to the overlap with selfreported memory, the GDS was adjusted for the current analyses to remove the item "Do you feel you have more problems with memory than most?" [35, 36] Therefore, scores ranged from 0-14 with higher scores indicating more depressive symptoms. The GDS-15 has been found to be reliable in older adults (α = 0.729; [37] ), and is significantly associated with measures of depressed mood, life satisfaction, and suicidal ideation, demonstrating construct validity [37] .
Analysis
Prior to examining the proposed research questions, descriptive analyses were performed to investigate if all variables of interest were normally distributed. Mean differences in age, education, depressive symptoms, frequency of memory problems, one-year and ten-year memory decline, and personality traits were examined by race and sex. Next, inter-correlations were examined among the key study variables. Correlations with categorical variables were calculated using the Kendall Tau correction (e.g., sex).
Multilevel modeling (MLM) was performed in SAS (v. 9.4) to examine average associations among older adults' personality traits and self-reported memory (i.e., frequency of memory problems, perceived one-year memory decline, and perceived ten-year memory decline). Using MLM for this type of analysis allows us to control for the influence of time while also accounting for missing data due to unequal follow up among participants. MLM uses maximum likelihood estimation techniques where all participants can be included in analyses regardless of missing years of follow up data [38] . Frequency of memory problems was treated as a continuous outcome and modeled using SAS proc mixed. Perceived one-and ten-year decline were binary variables (0 = less often/about the same and 1 = more often) and were modeled using SAS proc glimmix using a binary distribution with a logit link. First, empty models examined intraclass correlations to determine the proportion of variance in perceived frequency of memory problems and memory decline that could be explained by individual differences in our sample. For the first set of substantive analyses, models examined the association of neuroticism with self-reported memory problems. Next, the simultaneous association of all five personality traits (i.e., neuroticism, conscientiousness, extraversion, agreeableness, and openness) with self-reported memory problems was examined. Last, to examine whether the association of personality traits with the three types of memory self-report significantly differed for Blacks and Whites, interactions of race with personality traits were added to the model. Final models included only significant interaction terms. Participants' age, sex (0 = female; 1 = male), race (0 = Black; 1 = White), education, income level, depressive symptoms, and time in study were included as covariates in all models. Personality variables were included as between-person variables and were grand-mean centered. Baseline depressive symptoms were grand-mean centered. Additionally, participants' age and education were grand-mean centered, and income was dummy coded with the category $15,001 and $30,000 as the reference category. Effect sizes included odds ratios (ORs) for binary outcomes and pseudo R 2 s for continuous outcomes [39] . As only a subsample of EAS participants completed the personality measures, we tested for differences in those with and without personality data. 
Results
Baseline comparisons
Descriptive statistics
Intercorrelations among key study variables are presented in Table 1 . 
Multilevel models
Intraclass correlation coefficients (ICC). Prior to examining whether personality traits were related to self-reported memory over time, ICCs were examined. The ICCs showed that 50.2% of the variation in self-reported frequency of memory problems, 49.5% of the variation in perceived one-year memory decline, and 56.1% of the variation in perceived ten-year memory decline were accounted for by individual differences in our sample.
Substantive models. Substantive models examined: 1) associations of neuroticism with self-reported memory, 2) associations of all five personality traits with self-reported memory, and 3) whether associations of personality traits with self-reported memory differed for Black and White older adults. Participants' age, education level, race, sex, income, and depressive symptoms were accounted for in all models. Findings for the association of personality traits with self-reported memory and multigroup analyses are provided below by type of memory self-report.
Frequency of memory problems. After accounting for covariates, results showed that neuroticism was significantly associated with frequency of memory problems (b = 0.016, SE = .005, p < .01, pseudo R 2 = 1.4%), such that participants with higher neuroticism perceived more frequent memory problems (see Table 2 , Model 1a). However, when other personality traits were included in the model (see Table 2 , Model 1b), neuroticism was no longer significantly related to memory problem frequency. Instead, participants' conscientiousness and extraversion were significantly related to memory problem frequency (b conscientiousness = -.012, SE = .005, p = .017, pseudo R 2 = 2.7%; b extraversion = -.009, SE = .005, p = .048, pseudo R 2 = 3.1%), such that older adults with higher conscientiousness and extraversion reported a lower frequency of memory problems compared to their counterparts. Race did not moderate the association between personality traits and self-reported frequency of memory problems. Perceived one-year memory decline. After accounting for covariates, results showed that neuroticism was significantly related to perceived one-year memory decline (OR: 1.047; 95% CI: 1.002-1.094), such that older adults with higher neuroticism were more likely to report a one-year memory decline compared to their counterparts (see Table 2 , Model 2a). However, this relationship did not remain significant after other personality traits were added to the model (see Table 2 , Model 2b). No personality trait was significantly related to one-year memory decline.
Perceived ten-year memory decline. After accounting for covariates, results showed that neuroticism was not significantly related to perceived ten-year memory decline (OR: 1.032; 95% CI: 0.984-1.082; see Table 2 , Model 3a). The model with all personality traits showed that extraversion was related to perceived ten-year memory decline (OR: 0.955: 95% CI: 0.914-0.998), such that older adults higher in extraversion were less likely to perceive a ten-year memory decline than those lower in neuroticism (see Table 2 , Model 3b). Race moderated the association of conscientiousness with perceived ten-year memory decline (OR: 0.909; 95% CI: 0.834-0.992), such that Black older adults lower in conscientiousness were more likely to report a ten-year memory decline than Black older adults higher in conscientiousness. Conscientiousness was not related to White older adults' reports of ten-year memory decline. Other associations between personality traits and perceived ten-year memory decline in the full model did not differ for White and Black older adults (all ps > 0.21).
Discussion
The purpose of the current study was to examine the influence of FFM personality traits (neuroticism, extraversion, openness, agreeableness, conscientiousness) on self-reported memory problems among cognitively intact older adults and whether these relationships were moderated by race. Consistent with some previous research [13, 24, 26] , neuroticism predicted self-reported frequency of memory problems and perceived recent (one-year) decline when neuroticism was the only personality variable in the model. However, when the remaining four personality traits were included, neuroticism was no longer a significant predictor of memory self-report in this sample. Although most relationships were equivalent across the two racial groups in this sample, we found that conscientiousness impacted reports of perceived ten-year memory decline in Black older adults but not White. These results suggest that the influence of personality on self-reported memory may not be consistent across racial groups and supports the need for further research into racial and ethnic differences in factors influencing memory self-report.
Our findings regarding neuroticism are contrary to previous research that supports a relatively ubiquitous influence such that individuals higher in neuroticism tend to report more memory problems. There are several possible reasons for this difference. First, our participants were older and had lower neuroticism scores, on average, compared to samples in previous Table 2 . Estimates from multilevel modeling examining association of personality with self-reported memory. work; aging is significantly related to decline in neuroticism [40] . Therefore, our findings might reflect a dampening of neuroticism's impact compared to the effects seen at younger ages [24] . Second, most studies examine neuroticism alone, which might mask the importance of other traits on self-reported memory (i.e., significant effects might indirectly derive from associations with other trait tendencies). Once all FFM traits were considered, extraversion and conscientiousness were significantly related to reported frequency of memory problems and perceived ten-year decline. Our results suggest a need to carefully consider how personality influences memory self-reports: focusing on neuroticism alone may oversimplify more complex relationships. In this sample, higher extraversion was associated with lower reported frequency of memory problems as well as less perceived ten-year decline. Individuals higher in extraversion are excitement-seeking, assertive, and cheerful. According to Eysenck's theory of extraversion [41] , this "liveliness" promotes cortical arousal and engagement for cognitive tasks. As processing capacity deteriorates with age, the preference for engagement may require additional cognitive effort needed for normal memory recall [42, 43] . Alternatively, seeking exciting, complex social situations keeps one involved in cognitively rich activities, thereby potentially enhancing memory skills and buffering against noticeable decline. Both of these reasons may explain why individuals with higher extraversion scores are less likely to experience cognitive decline compared to their peers [13] . Moreover, higher extraversion is also associated with greater global self-efficacy, which could improve one's confidence about their own memory (and therefore influence memory self-report).
Frequency of Memory Problems
Similar to extraversion, we found that higher conscientiousness was associated with a lower reported frequency of memory problems. Older adults higher in conscientiousness may exert greater cognitive effort, leading to improved performance on memory tasks [13, 44] . Compared to extraversion, this exertion is motivated by a need to perform well rather than higher engagement. Such motivations can inspire people to approach memory challenges with careful, goalfocused mindsets, leading older adults with higher conscientiousness to employ memory strategies and compensate for near-lapses [45] . As with higher extraversion, older adults with higher conscientiousness report higher self-efficacy, particularly when it comes to memory [46] , which might reduce perceived frequency of memory problems.
Interestingly, we found that higher conscientiousness was associated with less perceived ten-year decline among Black older adults only. Although further exploration is needed, this may be partially explained by health disparities affecting Black older adults including more chronic illnesses [47] and pain [48] -factors that contribute to self-reported memory problems [49, 50] . Since higher conscientiousness increases engagement in positive health behaviors, it could uniquely improve well-being and associated views about memory [51] . Future work should explore how conscientiousness affects differential mechanisms behind long-standing memory perceptions in Black and White older adults.
This study had several limitations to consider. First, the sample was limited to those living in a large urban area in the northeast. However, this did allow for a multi-ethnic sampling frame. Second, the FFM is a descriptive model not founded in theory but rather constructed by factor analyses [52] . Moreover, there is no true theory to explain why personality traits cluster together (although concepts like self-control and emotional regulation might help our understanding). We could consider other personality models like the Zuckerman and Kuhlman's Alternative Five model [53] or the HEXACO model of personality [54] . However, the FFM is a powerful model that predicts a host of outcomes reliably and universally in numerous studies, including those investigated in older adult populations [55] [56] [57] . Additionally, we were unable to include data for races or ethnicities other than Blacks and Whites due to low numbers of Hispanics, Asians, and other races in the EAS dataset.
Conclusion
Certain personality traits (i.e., higher neuroticism, lower conscientiousness), as well as selfreported memory problems in the absence of objective cognitive deficits, have been found to increase the risk for cognitive impairment in older adults [5, 58, 59] . Our findings that older adults with higher conscientiousness and extraversion reported less frequent memory problems, and that these effects were stronger than the potential influence of neuroticism, hold important implications for refining our understanding of self-reported memory. Although personality, particularly neuroticism, has been implicated as a contributor to older adults' memory self-reports in multiple studies [13, [24] [25] [26] , to our knowledge this is the first investigation of the moderation of race on these relationships. Given the critical need to better understand, and respond to, health disparities that influence cognitive decline risk, our study provides initial evidence that racial differences in self-reports of memory performance should be further examined.
